Background As length of stay decreases for total joint arthroplasty,
much of the patient preparation and teaching previously done in the hospital must be performed before surgery. However, the most effective form of preparation is unknown. This randomized trial evaluated the effect of a one-time, one-on-one preoperative physical therapy education session coupled with a webbased microsite (preopPTEd) on patients' readiness to discharge from physical therapy (PT), length of hospital stay, and patient-reported functional outcomes after total joint arthroplasty. Questions/purposes Was this one-onone preoperative PT education session coupled with a web-based microsite associated with (1) earlier achievement of readiness to discharge from PT; (2) a reduced hospital length of stay; and (3) improved WOMAC scores 4 to 6 weeks after surgery? Methods Between February and June 2015, 126 typical arthroplasty patients underwent unilateral TKA or THA. As per our institution's current guidelines, all patients attended a preoperative group education class taught by a multidisciplinary team comprising a nurse educator, social worker, and physical therapist. Patients were then randomized into two groups. One group (control; n = 63) received no further education after the group education class, whereas the intervention group (experimental; n = 63) received preopPTEd. The preopPTEd consisted of a one-time, one-on-one session with a physical therapist to learn and practice postoperative precautions, exercises, bed mobility, and ambulation with and negotiation of stairs. After this session, all patients in the preopPTEd group were given access to a lateralized, joint-specific microsite that provided detailed information regarding exercises, transfers, ambulation, and activities of daily living through videos, pictures, and text. Outcome measures assessed included readiness to discharge from PT, which was calculated by adding the number of postoperative inpatient PT visits patients had to meet PT milestones. Hospital length of stay (LOS) was assessed for hospital discharge criteria and 6-week WOMAC scores were gathered by study personnel. At our institution, to meet PT milestones for hospital discharge criteria, patients have to be able to (1) independently transfer in and out of bed, a chair, and a toilet seat; (2) independently ambulate approximately 150 feet; (3) independently negotiate stairs; and (4) be independent with a home exercise program and activities of daily living.
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Complete followup was available on 100% of control group patients and 100% patients in the intervention group for all three outcome measures (control and intervention of 63, respectively). Results The preopPTEd group had fewer postoperative inpatient PT visits (mean, 3.3; 95% confidence interval [CI], 3.0-3.6 versus 4.4; 95% CI, 4.1-4.7; p < 0.001) and achieved readiness to discharge from PT faster (mean, 1.6 days; 95% CI, 1.2-1.9 days versus 2.7 days; 95% CI, 2.4-3.0; p < 0.001) than the control group. There was no difference in hospital LOS between the preopPTEd group and the control group (2.4 days; 95% CI, 2.1-2.6; p = 0.082 versus 2.6 days; 95% CI, 2.4-2.8; p = 0.082). There were no clinically relevant differences in 6-week WOMAC scores between the two groups. Conclusions Although this protocol resulted in improved readiness to discharge from PT, there was no effect on LOS or WOMAC scores at 6 weeks. Preoperative PT was successful in improving one of the contributors to LOS and by itself is insufficient to make a difference in LOS. This study highlights the need for improvement in other aspects of care to improve LOS. Level of Evidence Level II, therapeutic study.
Introduction
O ver the past 20 years, hospital length of stay (LOS) after total joint arthroplasty (TJA) has steadily decreased to an average of 2 to 4 days [5, 10, 11, 13, 27] . Today, some investigators even advocate for outpatient TJA [1, 12] . The decrease in LOS has largely been made possible by improved surgical techniques, better pain management, early mobilization, modifications to rehabilitation protocols, and pathwaydirected care [1] . Many ambulatory or short-term LOS pathways rely on preoperative education and multidisciplinary care as crucial components to prepare patients for surgery [1, 13, 23] .
Several authors have reported that preoperative education reduces preoperative anxiety and improves postoperative satisfaction and outcomes [2, 3, 18, 23] . However, a recent Cochrane review [16] noted only low-quality evidence in support of preoperative education. Despite this, many providers still utilize preoperative education as a result of the relative absence of associated adverse effects [16] [17] [18] .
Various methods have been used for preoperative education including booklets, videotapes, webinars, and, most commonly, group classes. Although group classes may reduce LOS [22, 23] , others have reported that up to 77% of patients can have unfulfilled knowledge expectations with respect to their postoperative function with similar protocols [8] . To make patients' expectations more realistic and improve preoperative fitness, some institutions have encouraged patients to meet with a physical therapist before surgery for "prehabilitation" [4, 6, 20, 24, 25] . Although the majority of studies have found insufficient evidence to support preoperative physical therapy (PT) from a strength building perspective [7, 26] , little is known regarding the effectiveness of a one-time educational PT session on postoperative recovery. Because physical therapists often provide teaching to patients undergoing arthroplasty postoperatively, we hypothesized that a preoperative education session may lead to improved postoperative recovery.
Therefore, we asked: Was this oneon-one preoperative PT education session coupled with a web-based microsite associated with (1) earlier achievement of readiness to discharge from PT; (2) a reduced hospital LOS; and (3) improved WOMAC scores 4 to 6 weeks after surgery?
Patients and Methods
Between February and October 2015, a randomized controlled trial was designed to evaluate the efficacy of a one-on-one preoperative PT education protocol on postoperative function and hospital LOS. This study was approved by our institutional review board (IRB# 2015-306) and was also posted on ClinicalTrials.gov (#NCT02872337). A priori, it was determined that patients would be eligible for participation if they represented a typical patient undergoing unilateral arthroplasty at our specialized orthopaedic institution. Therefore, we included patients who were scheduled for unilateral TJA (THA or TKA), between 18 and 85 years old, able to independently ambulate a half a block or more with or without an assistive device, able to independently perform nonreciprocal stairs with or without assistive devices, and planned to be discharged home after surgery. Overall, 141 patients were approached and consented to participate in the study. A priori, it was determined that patients who did not undergo scheduled surgery, underwent a procedure other than primary TJA, or were discharged to inpatient rehabilitation centers would be eliminated from subsequent analyses (Fig. 1 ). This determination was based on an effort to eliminate bias associated with LOS requirements, especially those associated with inpatient rehabilitation centers [21] . Based on these a priori criteria, 126 patients (n = 63 TKA; n = 63 THA) were included in subsequent analyses. The mean age for all patients in the study was 61 6 9 years (range, 37-85 years) with a mean body mass index (BMI) of 29 6 6 kg/m 2 (range, 17-48 kg/m 2 ) ( Table 1 ). Eighty (64%) patients were women and 46 (37%) were men. There were no differences between the preoperative PT education (preopPTEd) group and the control group with respect to operation type, age, BMI, sex, or day on which postoperative PT was started (Table 1) . When stratified based on operation type, there were no differences in age, BMI, sex distribution, or day on which postoperative PT was started for those who underwent TKA. In the THA group, there were no differences in age, BMI, surgical approach, or day on which postoperative PT was initiated. More men (15 of 31 [48%]) were randomized into the preoperative education group than into the control group (six of 32 [19%] ; p = 0.013). Regardless of cohort, all patients in the study attended the preoperative group education class and received a surgery-specific information booklet as per the institution's current guidelines for patient care. Patients were approached to participate in the study either at the time of their presurgical office consultation or after the group education class. Patients were randomly assigned to two groups through a predetermined blocked randomization schedule, which was generated by a blinded statistician (JCBK) using SAS 9.3 (Cary, NC, USA). The schedule was determined based on the number of participating surgeons (n = 14) based on anticipated patient volume. One cohort (control group) received no further preoperative education besides the group education class as per our institution's current guidelines for patient care. The other cohort (experimental) underwent the preoperative education class and preopPTEd session with a physical therapist. There was no difference between participating surgeons regarding patient expectations or use of other educational modalities besides the preoperative group education class (control) and preopPTEd (intervention).
The preopPTEd session took place before surgery (approximately 2 weeks) on a predetermined day that consisted of a preoperative medical evaluation and the all-inclusive preoperative group class. The preopPTEd session typically lasted approximately 20 to 30 minutes. All patients were seen by the same physical therapist. The focus of the preopPTEd session was attention to topics such as preoperative preparation, function during the acute inpatient hospital stay, discharge instructions, negotiating activities of daily living after surgery, goal setting, and aligning patients' expectations regarding upcoming surgery and postsurgical recovery. Patients had an opportunity to learn postsurgical precautions; practice transfers in and out of bed, a chair, a toilet seat, or car; ambulation with and without assistive devices; and negotiation of stairs before surgery, which they would otherwise learn postoperatively. Patient specific surgical and postsurgical rehabilitation-related recovery concerns were addressed. The main difference between a group class and the preopPTEd was that the session gave the patient an opportunity to practice mobility and assistive devices before the surgery, prepare and modify the home environment if needed, discuss concerns and questions in a private environment, and set goals with the therapist. The group class is for general didactics and does not allow the opportunity to practice mobility and personalized care based on and within boundaries of standard institutional patient care guidelines.
After the session, all patients in the preopPTEd (intervention) group were given access to a rehabilitation focused microsite (www.hss.edu/rpthr, www.hss.edu/lpthr, www.hss.edu/rathr, www.hss.edu/lathr, www.hss.edu/rtkr, www.hss.edu/ltkr) that consists of educational information in the form of videos and pictures (see Appendix, Supplemental Digital Content 1). Unlike educational booklets given at the group preoperative education class (control group), microsite access was limited to specific surgery (ie, TKA versus THA), surgical approach (ie, direct anterior versus posterior THA), and lateralization (ie, right versus left). Content of the microsites included pertinent information regarding the rehabilitation recovery process in various formats including photographs and videos. Microsites have the ability to be scaled to mobile phone screens. Thus, microsites reinforced information presented during the one-on-one session with the physical therapist and gave the patient an opportunity to view it as many times before and after surgery as needed at his or her own convenience. All patients reported utilizing the microsite at one point in the study period with 96% reportedly utilizing it preoperatively and 76% reportedly using it postoperatively.
The operating surgeon and inpatient therapists were blinded to the assigned group unless otherwise alerted by the patient. Postoperatively all patients received a uniform PT protocol with one-on-one PT two times a day and a third session with a mobility technician for the duration of the inpatient stay. Inpatient PT was started either on the day of or the day after surgery.
Function during the inpatient stay was measured utilizing hospital metrics based on the institution's current guidelines for patient care including readiness to discharge from PT and hospital LOS. At our institution, readiness to discharge from PT is defined as the ability to (1) 
in and out of bed, a chair, and a toilet seat; (2) independently ambulate approximately 150 feet; (3) independently negotiate stairs; and (4) be independent with a home exercise program and activities of daily living. Readiness to discharge from PT and hospital LOS were obtained from hospital records by a research assistant (PBW). Postoperative pain, stiffness, and function were assessed using WOMAC scores administered both before and after surgery (approximately 4-6 weeks). WOMAC pain (0-20, where 0 is no pain), WOMAC stiffness (0-8, where 0 is no stiffness), and WOMAC function (0-68, where 0 is no difficulty in function) subscores as well as the total WOMAC score (0-96, where 0 is best and 96 is worst) were recorded. WOMAC scores were collected by the principal investigator (RS) before surgery and by a research assistant (PBW) and physical therapy assistant (PP) after surgery. Preoperatively, there were no differences in WOMAC subscores or total WOMAC scores (Table 2 ). In addition to WOMAC, patients answered a single question regarding utilization of the microsites (yes or no) after surgery (approximately 4-6 weeks). In the group randomized to the preopPTEd session (n = 63), 61 (97%) reported utilizing the microsite. Of those, 44 (72%) utilized the microsite both before and after surgery, 15 (25%) only before surgery, and two (3%) only after surgery.
Statistical Analysis
An a priori power analysis was performed to determine the number of patients necessary for the study. A previous study at our institution utilizing a similar postoperative protocol revealed that patients undergoing joint arthroplasty require five inpatient postoperative PT visits to meet PT discharge criteria [9] . Using a minimally clinically important difference of one inpatient postoperative PT visit, we hypothesized that there would be no difference in the number of PT visits patients had to meet PT discharge between our two groups. At a level of significance of 0.05, a total of 126 patients undergoing joint arthroplasty was required to achieve a power of 0.8. Accounting for a 20% dropout rate, we aimed to enroll 141 patients in this study.
Descriptive statistics are presented as means and 95% confidence intervals (additional statistics are also provided) for continuous variables and frequencies and percentages for categorical variables. Overall differences in categorical variables were assessed with chi-square and Fisher's exact tests, whereas differences in continuous variables between groups were assessed with independent-sample t-tests and Mann-Whitney U tests. Additionally, subgroup analyses were performed to analyze the effects of preopPTEd on patients undergoing THA and TKA separately. All analyses were performed with SAS 9.3 with a level of significance of 0.05.
Results

Readiness to Discharge From PT
Patients who received preopPTEd had a mean of 3.3 inpatient postoperative PT visits (95% confidence interval [CI], 3.0-3.6; p < 0.001) and a mean of 1.6 days (95% CI, 1.2-1.9 days) ( Table 3) . Thirty-eight (60%) patients met the readiness to discharge from PT criteria on the first postoperative day and 41 (65%) met readiness to discharge by the second postoperative day. Patients in the control group required 4.4 inpatient postoperative PT visits (95% CI, 4.1-4.7; p < 0.001) and 2.7 days (95% CI, 2.4-3.0) to meet the readiness to discharge from PT criteria. Nine (14%) patients were able to meet the readiness to discharge from PT criteria on the first postoperative day and 30 (48%) patients were able to meet readiness to discharge from PT criteria by the second postoperative day. More patients in the intervention group were able to meet PT discharge criteria on the first postoperative day and by the second postoperative day (p < 0.001 and p < 0.001, respectively). When stratified based on procedure, the preopPTEd TKA group had a mean of 3.4 (95% CI, 3.0-3.9) PT visits and met PT discharge criteria at a mean of 1.8 days (95% CI, 1.4-2.3). The control group had a mean of 4.6 (95% CI, 4.2-5.0) PT visits and met PT discharge criteria in 2.9 (95% CI, 2.5-3.4) days. The preopPTEd TKA group had fewer PT visits and met PT readiness to discharge faster than the control group (p < 0.001 and p < 0.001, respectively).
The preopPTEd THA group had a mean of 3.1 (95% CI, 2.6-3.6) PT visits and 1.3 (95% CI, 0.8-1.8) days to meet the readiness to discharge criteria. The control group had 4.1 PT visits (95% CI, 3.6-4.6) and 2.3 (95% CI, 2.0-2.9) days to meet the PT readiness to discharge criteria. The preopPTEd group had fewer PT visits and time to meet readiness to discharge (p = 0.001 and p < 0.001, respectively).
Hospital Length of Stay
The mean hospital LOS was 2.6 days (95% CI, 2.4-2.8) and 2.4 days (95% CI, 2.1-2.6; p = 0.077) for the control and preopPTEd groups, respectively. There were no differences between the groups in terms of length of hospital stay (p = 0.077). When stratified based on procedure, the preopPTEd TKA group had a hospital LOS of 2.7 days (95% CI, 2.4-3.0) and the control group had a LOS of 3.0 days (95% CI, 2.7-3.3). There was no difference in the mean hospital LOS for patients undergoing TKA (p = 0.161). With respect to the THA cohort, the preopPTEd group had a LOS of 2.0 (95% CI, 1.7-2.3) and the control group had a LOS of 2.3 days (95% CI, 2.1-2.6). There was no difference in hospital LOS for patients undergoing THA (p = 0.150).
WOMAC Scores
By 6 weeks after surgery, the preopPTEd group had a mean postoperative WOMAC pain score of 1 (95% CI, 1-2), stiffness score of 1 (95% CI, 1-2), function score of 3 (95% CI, 3-4), and total score of 6 (95% CI, 4-8) ( Table 2 ). The control group had a mean postoperative pain score of 3 (95% CI, 2-4), stiffness score of 3 (95% CI, 3-3), function score of 9 (95% CI, 7-11), and total score of 14 (95% CI, 11-17). The preopPTEd group had significantly improved postoperative pain (p < 0.001), stiffness (p < 0.001), and function (p < 0.001) subscores as well as total scores (p < 0.001). With regard to 6-week improvements in WOMAC scores, the preopPTEd group had improvements in a mean WOMAC pain score of 9 (95% CI, 8-10), stiffness score of 3 (95% CI, 2-4), function score of 29 (95% CI, 26-32), and total score of 41 (95% CI, 37-45). The control group had a 6-week improvement in mean WOMAC pain score of 8 (95% CI, 7-9), stiffness score of 3 (95% CI, 3-3), function score of 28 (95% CI, 24-32), and total score of 38 (95% CI, 23-43).
The preopPTEd group had significantly better improvement scores (p = 0.038); however, there were no differences in pain, function, or total scores (p = 0.199, p = 0.582, and p = 0.337, respectively).
Discussion
Rapid early mobilization and short inpatient hospitalization have become increasingly common in the care of patients undergoing TJA [1, 12] . As a result, numerous multidisciplinary protocols and pathways are currently used to improve patient function and reduce LOS associated with TJA [5, 10, 13, 27] including preoperative patient education classes. Although many institutions utilize group classes for preoperative education, it has been reported that up to 77% of patients have unfulfilled knowledge expectations with respect to their postoperative function [8] . There is limited literature to support or oppose these measures. Therefore, we asked whether a structured preoperative PT education session would result in more rapid attainment of therapy goals, shorter LOS, and better early function. We found that patients achieved PT goals for home discharge faster with somewhat better early function, but found no effect on LOS or 4-to 6-week function. This study is not without limitations. First, this study took place at one institution, and therefore the results should be generalized to other institutions with caution. Furthermore, institutions with limited resources may have difficulty adopting a similar protocol despite the negligible associated costs. Second, as a result of the sample size, there was limited power for subgroup analyses within the THA and TKA subgroups. However, we did discover that the findings with respect to inpatient postoperative function were the same in the subgroups. We did find a greater distribution of males who received preopPTEd in the THA subgroup than those who did not. The authors believe this was the result of random chance during the consenting process. Third, the results are limited to a study population that represented the typical patient undergoing arthroplasty at our institution, but may not represent patients undergoing arthroplasty at other institutions. This included English-speaking patients scheduled for either unilateral primary TKA or THA who were able to independently ambulate a New York city block (264 feet x 900 feet) and planned to go home after surgery and were approached to participate in the study. Thus, results of this study may not apply to nonEnglish-speaking patients, patients undergoing revision or bilateral TJA, or patients with severe mobility limitations. Fourth, the use of the microsites is highly dependent on the ability of the user to utilize and have access to the technology. However, we found that all patients given access to the microsites (100%) utilized the platform at some point throughout the process. Fifth, in an effort to eliminate the bias associated with discharge disposition and the 3-day rule for inpatient rehabilitation facilities, patients discharged to inpatient rehabilitation facilities were not analyzed [21] . A followup study is warranted to determine the effectiveness of this protocol on this population.
In this study, we found that meeting with a physical therapist preoperatively effectively reduced the number of PT visits a patient received to meet our institution's readiness to discharge from PT criteria. We believe that this protocol effectively shifted the postoperative learning curve to earlier in the recovery process ultimately allowing patients to recover functionality approximately 1 day earlier than otherwise. This PT discharge timing was not only faster than our control group (2.7 days), but also was faster than a previous study at our institution (approximately 2.2-2.5 days) [9] . This protocol was intended to improve readiness to PT discharge timing and align patients' expectations regarding rehabilitation recovery. Despite all the limitations, there is meaningful clinical importance of preopPTEd as it resulted in one or two postoperative PT visits in the hospital. Although there was an improvement in the readiness to meet PT discharge criteria (approximately 1 day), we found that hospital LOS did not significantly improve with the use of preopPTEd.
With regard to the 4-to 6-week WOMAC scores, we found no clinically relevant differences in WOMAC subscores (pain, function, and stiffness) or total scores. This is similar to what was found in a previous study at our institution that used a similar postoperative PT protocol [9] . Recent meta-analyses appear to also agree that the literature is inconsistent with regard to the use of "prehab" on WOMAC scores [20, 23] . Silkman Baker and McKeon [20] evaluated four studies and found inconsistent findings with respect to "prehab" and WOMAC scores. Peer et al. [17] found a moderate correlation between resistance training and WOMAC scores, but their meta-analysis only included two studies on that topic. Although likely not clinically relevant, we did find that all of the postoperative scores were significantly improved compared with our control group. This finding and the slight correlations found in the metaanalyses may demonstrate that "prehab" muscle strengthening or "prehab" as an educational tool may better align patient and physician expectations.
To complement the one-on-one preopPTEd session, we also gave patients access to a rehabilitationfocused microsite. The purpose of the microsites was to supplement written material and improve memory retention [19] . In recent times, there have been few studies that have documented the usefulness of the Internet as a means of tracking patients for followup [14, 15] and only one study that has shown a beneficial effect of the use of telecommunications technology in providing patient preoperative health education [24] . To our knowledge, there have been no studies documenting the usefulness of a rehabilitationspecific web-based microsite as a means of preoperative education. Therefore, it is difficult to determine which benefits in this study are attributable to the preopPTEd session or the microsites. However, we found that every patient with access to the microsite used the platform at least once through the surgical process. Also, all patients said they would recommend the microsites for all patients undergoing TJA. The authors believe this may highlight how associative, complementary technologies can be used to aid patient education. Further studies should be performed to determine the effectiveness of different technologies (mobile versus web) in this setting.
In conclusion, we found that the use of a one-time, one-on-one preoperative PT session protocol with a supplemental microsite was effective at reducing the number of postoperative PT visits and time for readiness to discharge from PT. However, we found that it did not reduce LOS and had no effect on outcomes at 4 to 6 weeks. Allocating an educational PT visit preoperatively may be effective in organizations that incorporate postoperative rehabilitation milestones for their discharge criteria as described in this study. PreopPTEd might also be useful in reducing LOS when combined with a multipronged effort among surgeons, medical physicians, and case managers to facilitate hospital discharge. That said, because this study was tested in a well-funded specialty hospital, we recommend caution when implementing this protocol at smaller, nonspecialized hospitals with limited resources. Further studies should be performed to determine the efficacy of similar PT protocols on other procedures.
